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(57) ABSTRACT

This invention relates to the manufacture of a substrate, such
as a package substrate or an interposer substrate, of an
integrated circuit package. A base structure i1s formed from
a green material having a plurality of via openings therein.
The green material 1s then sintered so that the green material
becomes a sintered ceramic material and the base structure
becomes a sintered ceramic base structure having the via
openings. A conductive via 1s formed 1n each via opening of
the sintered ceramic base structure. A capacitor structure 1s
formed on the sintered ceramic base structure. The power
and ground planes of the capacitor structure are connected to
the vias. As such, a capacitor structure can be formed and

(56) References Cited connected to the vias without the need to drill vias openings
. in brittle substrates such as silicon substrates. The sintered
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INTEGRATED CIRCUIT PACKAGE
SUBSTRATE HAVING A THIN FILM
CAPACITOR STRUCTURE

BACKGROUND OF THE INVENTION

1). Field of the Invention

This 1nvention relates to a capacitor structure that i1s
included 1n a substrate of an integrated circuit package.

2). Discussion of Related Art

Integrated circuits are usually manufactured on water
substrates. Waler substrate 1s then “diced” or “singulated”
into individual dies, each die carrying a respective integrated
circuit. The die 1s then mounted on a package substrate,
often with an intermediate interposer substrate. The sub-
strate or substrates provide structural rigidity to the resulting
integrated circuit package. A package substrate also provides
Xx-y transformation from contacts of the die to contacts on a
carrier substrate on which the integrated circuit package 1s
mounted.

Signals can be provided through conductors 1n the sub-
strate or substrates to and from an integrated circuit in the
die. Signal delay, referred to as resistance-capacitance-
inductance delay, often occurs when signals are transmitted
through the conductors. In order to reduce resistance-ca-
pacitance-inductance delay, a capacitor 1s often provided
close to the die. The capacitor acts as a reservoir of power
close to the integrated circuit.

Discrete capacitors are relatively large and thus take up a
large amount of real estate on a substrate. It has been
appreciated that thin film capacitors may take up less real
estate, which will allow for more capacitors to be formed. It
may also be simpler to manufacture thin film capacitors
during the manufacture of a substrate than to mount discrete
capacitors to a substrate.

Via openings have to be manufactured in a base structure
of a substrate, 1n which conductive vias have to be formed
to which power and ground planes of a thin film capacitor
structure have to be connected. The formation of such via
openings has been a preoccupation of the semiconductor
industry for a number of years. Thus far, all efforts have been
directed to drilling openings in low k-value materials such as
silicon. Silicon 1s a brittle material, which makes it diflicult

to dr1ll openings therein. Each opening also has to be drilled
individually, which reduces throughput.

BRIEF DESCRIPTION OF THE DRAWINGS

The mmvention 1s described by way of examples with
reference to the accompanying drawings wherein:

FIG. 1 1s a cross-sectional side view of an interposer
substrate manufactured according to an embodiment of the

invention;
FIG. 2 1s a cross-sectional side view of an integrated
circuit package which includes the interposer substrate of

FIG. 1;

FIG. 3 1s a cross-sectional side view of a package sub-
strate manufactured according to an embodiment of the
invention; and

FIG. 4 1s a cross-sectional side view of an integrated
circuit package that includes the package substrate of FIG.
3.
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DETAILED DESCRIPTION OF TH.
INVENTION

(L]

The manufacture of a substrate, such as a package sub-
strate or an 1nterposer substrate, of an integrated circuit
package 1s described. A base structure 1s formed from a
green material having a plurality of via opemings therein.
The green material 1s then sintered so that the green material
becomes a sintered ceramic material and the base structure
becomes a sintered ceramic base structure having the via
openings. A conductive via 1s formed 1n each via opening of
the sintered ceramic base structure. A capacitor structure 1s
formed on the sintered ceramic base structure. The power
and ground planes of the capacitor structure are connected to
the vias. As such, a capacitor structure can be formed and
connected to the vias without the need to drill via openings
in brittle substrates such as silicon substrates. The sintered
ceramic material also has a low coeflicient of thermal
expansion and can resist high temperature processing con-
ditions when manufacturing the capacitor structure, and 1s
inexpensive to manufacture.

FIG. 1 of the accompanying drawings 1llustrates an inter-
poser substrate 10 which has been constructed according to
a method of an embodiment of the invention. The interposer
substrate 10 includes a base structure 12, conductive vias 14,
a capacitor structure 16 having a high k-value dielectric
material, a low k-value dielectric material 18, and contact
pads 20.

The base structure 12 1s imitially made from a green,
unsintered material. The green material 1s package 1n the
shape of the base structure 12 and via openings 22 are then
punched through the green material. Handling, packaging
and punching of green material 1s known in the art. An
advantage of punching holes 1n a green matenal 1s that the
green material 1s not as brittle as other substrates such as
silicon substrates. The green material 1s subsequently sin-
tered so that the green material becomes a sintered ceramic
material and the base structure 12 becomes a sintered
ceramic base structure 12. The sintered ceramic base struc-
ture 12 then has the via openings 22. The via openings 22
include a power via opening 22P, a ground via opening 22G,
and signal via openings 22S. Fach one of the via openings
22 extends from a lower surface through an upper surface of
the horizontal sintered ceramic base structure 12.

The low k-value dielectric material 18 1s then formed over
the entire upper surface of the sintered ceramic base struc-
ture 12. The low k-value dielectric material 18 thus covers
the power, ground and signal via opemings 22P, 22G and
225. The low k-value dielectric material 18 1s typically made
of silicon dioxide, which has a dielectric constant of between
three and four.

The low k-value dielectric material 18 1s subsequently
patterned. The low k-value dielectric material 18 may for
example be patterned by first covering a portion thereot and
then burning exposed portions away. The portions that are
burned away (or etched) are portions thereof located over
the power and ground via openings 22P and 22G. Openings
are also burned (or etched) in the low k-value dielectric
material 18 so that the signal via openings 22S extend
vertically through the low k-value dielectric material 18.

The capacitor structure 16 1s then formed on the sintered
ceramic base structure 12 where the low k-value dielectric
material 18 has been burned away (or etched). That is, the
capacitor structure 16 1s formed on an area of the upper
surface of the sintered ceramic base structure 12 that has the
power and ground via opemings 22P and 22G. The capacitor
structure 16 includes power and ground planes 24 and 26
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and a dielectric layer 28. The power and ground planes are
typically made of copper or platinum. The dielectric layer 28
1s made of a high k-value dielectric material which may have
a dielectric constant of between 300 and 900, although the
dielectric constant may be as high as 3000. An insulating
layer 30 1s formed on top of the ground plane 26 in order to
add a second capacitance and 1s made of the same material
as the dielectric layer 28. More layers could be added for
extra capacitance. The layers and planes 24, 26, 28 and 30
are all patterned so that the power and ground via openings
22P and 22G extend vertically through the entire capacitor
structure 16. The manufacture of thin film capacitor struc-
tures such as the capacitor structure 16 1s known 1n the art.

The via openings 22 are all subsequently filled with the
conductive vias 14. The conductive vias 14 are typically
formed from a conductive metal such as copper, silver or an
alloy of tungsten and molybdenum. The conductive vias
may for example be sputter-deposited, plated or printed,
within the via openings 22. The conductive vias 14 include
power, ground and signal conductive vias 14P, 14G and 14S
in the power, ground and signal via openings 22P, 22G and
228, respectively. The power conductive via 14P 1s 1n
contact with the power plane 24 and is not connected to the
ground plane 26. The ground conductive via 14G 1s 1n
contact with the ground plane 26 and 1s not connected to the
power plane 24. Each signal conductive via 14S 1s electri-
cally disconnected from all other conductive vias 14P, 14G
and 14S.

The contact pads 20 are then formed on the capacitor
structure 16 and the low k-value dielectric material 18. Each
contact pad 20 1s located on and electrically connected to a
respective one of the conductive vias 14.

FIG. 2 illustrates the interposer substrate 10 within an
integrated circuit package 34 according to an embodiment of
the invention. The integrated circuit package 34 further
includes a carrier substrate 36, a package substrate 38, a die
40 and respective sets of conductive iterconnection mem-
bers 42, 44, and 46.

The package substrate 38 has a base structure 48, a
plurality of conductive lines 50 within the base structure 48,
a plurality of contact pads 52 on a lower surface of base
structure 48, and a plurality of contact pads 54 on an upper
surface of base structure 48. The base structure 48 1s made
of a low k-value dielectric matenal. In the given example,
cach one of the conductive lines 50 1nterconnects a respec-
tive one of the contact pads 52 with a respective one of the
contact pads 34. Some of the conductive lines 50 have two
vertical vias 56 and 58 that are interconnected by a hori-
zontal line 60. The inclusion of the horizontal line 60 allows
for the contact pads 54 to be oflset with respect to the contact
pads 52. The conductive lines 50 thus allow for an x-y
transformation from the contact pads 52 to the contact pads
54.

As 1llustrated, the interposer substrate 10 further has a
plurality of contact pads 62 on a lower surface of a sintered
ceramic base structure 12. There 1s no X-y transformation
from the contact pads 62 at the lower side of the interposer
substrate 10 to the contact pads 20 at the upper side of the
interposer substrate 10. Each one of the contact pads 62
matches up with a respective one of the contact pads 54 and
a respective one of the conductive interconnection members
44 interconnects a respective one of the contact pads 62 with
a respective one of the contact pads 54.

The die 40 has an integrated circuit formed in a lower
surface thereotf. A plurality of contact pads 64 are formed on
a lower surface of the die 40 and are electrically connected
to the integrated circuit. Each one of the contact pads 64
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matches up with a respective one of the contact pads 20 and
1s connected thereto by a respective one of the conductive
interconnection members 46. It can thus be seen that there
1s no X-y transformation from the contact pads 64 to the
contact pads 34 and that there 1s an x-y transformation from
the contact pads 54 to the contact pads 52.

The carrier substrate 36 has a respective base structure 66
and a plurality of contact pads 68 formed on an upper
surface of the base structure 66. Each one of the contact pads
52 1s aligned with a respective one of the contact pads 68 and
1s connected thereto by a respective one of the conductive
interconnection members 42.

FIG. 3 illustrates a package substrate 138 which 1s manu-
factured according to a method of another embodiment of
the invention. The package substrate 138 includes a sintered
ceramic base structure 112, a capacitor structure 116, a low
k-value dielectric material 118, and contact pads 120 that are
the same as the sintered ceramic base structure 12, capacitor
structure 16, and contact pads 20 of the interposer substrate
10 of FIG. 1. The package substrate 138 diflers from the
interposer substrate 10 1n that conductive lines 150 are
provided instead of the conductive vias 14.

Each one of the conductive lines includes two vertical
vias 156 and 158 and a horizontal line 160 interconnecting
the vertical vias 156 and 158. The sintered ceramic base
structure 112 1s formed 1n stages so that the horizontal line
160 15 buried below an upper surface of the sintered ceramic
base structure 112. The horizontal line 160 allows for the
vertical vias 156 and 158 to be horizontally offset with
respect to one another. The horizontal lines 160 thus allow
for x-y transformation on the vertical vias 156 to the vertical
vias 158.

FIG. 4 illustrates an integrated circuit package which
includes the package substrate 138, a carrier substrate 136
and a die 140. The die 140 and carrier substrate 136 are the
same as the die 40 and carrier substrate 36 of the integrated
circuit package 34 of FIG. 2. The integrated circuit package
134 differs from the integrated circuit package 34 in that
there 1s no intermediate interposer substrate between the die
140 and the package substrate 138. In the mtegrated circuit
package 34 of FIG. 2, the interposer substrate 10 provides a
capacitor structure 16 close to the die 40 and the package
substrate 38 provides an x-y transiormation. In the inte-
grated circuit package 134 of FIG. 4, by contrast, the
package substrate 138 provides a capacitor structure 116
close to the die 140 and provides x-y transformation.

While certain exemplary embodiments have been
described and shown 1n the accompanying drawings, 1t 1s to
be understood that such embodiments are merely illustrative
and not restrictive of the current invention, and that this
invention 1s not restricted to the specific constructions and
arrangements shown and described since modifications may
occur to those ordinarily skilled in the art.

What 1s claimed:

1. A substrate of an integrated circuit package, compris-

ng:

a sintered ceramic base structure of a low-k dielectric
material and having a plurality of via openings formed
therein;

a low k-value dielectric material on the sintered ceramic
base structure and having a plurality of openings
therein

a conductive via 1n each via opening, the conductive vias
including at least power, ground vias, and signal vias,
cach signal via extending through a respective opening
in the low k-value dielectric material; and
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a capacitor structure on the sintered ceramic base struc-
ture next to the low k-value dielectric material, the
capacitor structure including conductive power and
ground planes and a low k-value dielectric layer
between the power and ground planes, the power and
ground planes being electrically connected to at least
one of the power and ground wvias, respectively.

2. A package substrate for an integrated circuit die,

comprising;

a horizontal base structure having dielectric material and
at least one horizontal layer of metal conductors buried
in the dielectric material, the base structure having a
plurality of vertically extending via openings therein;

a conductive via in each via opening, the conductive vias
including at least power and ground conductive vias;
and

a capacitor structure formed directly on the base structure,
the capacitor structure including horizontal power and
ground planes and a horizontal dielectric layer between
the power and ground planes, the power and ground
planes being electrically connected to at least one of the
power and ground vias, respectively.

3. The package substrate of claim 2 wherein the base

structure 1s made of a sintered ceramic material.

4. The package substrate of claim 2 wherein the vias
include signal vias, each signal via being electrically dis-
connected from both the power and ground planes.

5. The package substrate of claim 2 further comprising;

a first plurality of contacts on the base structure; and

a second plurality of contacts on the capacitor structure
the metal conductors creating an X-y transformation
from the first plurality of contacts to the second plu-
rality of contacts.

6. An 1tegrated circuit package comprising:

a substrate including a sintered ceramic base structure of
a low-k dielectric material and having a plurality of via
openings formed therein;

a low k-value dielectric material on the sintered ceramic
base structure and having a plurality of openings
therein

a conductive via in each via opening, the conductive vias
including at least power, ground vias, and signal vias,
cach signal via extending through a respective opening
in the low k-value dielectric material; and
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a capacitor structure on the sintered ceramic base struc-
ture next to the low k-value dielectric matenial the
capacitor structure including conductive power and
ground planes and a low k-value dielectric layer
between the power and ground planes, the power and
ground planes being electrically connected to at least
one of the power and ground wvias, respectively; and

a die having an integrated circuit formed therein mounted

on the substrate.

7. The mtegrated circuit package of claim 6 wherein the
substrate 1s an interposer substrate, further comprising:

a package substrate, the interposer substrate being

mounted to the package substrate.

8. The integrated circuit package of claim 7 wherein the
vias are connected to contacts on the package substrate
without an x-y transformation.

9. An mtegrated circuit package comprising:

a substrate mcluding a horizontal base structure having
dielectric material and at least one horizontal layer of
metal conductors buried 1n the dielectric material, the
base structure having a plurality of vertically extending
via openings therein;

a conductive via 1n each via opening, the conductive vias
including at least power and ground vias;

a capacitor structure formed directly on the base structure,
the capacitor structure including horizontal power and
ground planes and a horizontal dielectric layer between
the power and ground planes, the power and ground
planes being electrically connected to at least one of the
power and ground vias, respectively; and

a die having an integrated circuit formed therein mounted
on the substrate.

10. The mtegrated circuit package of claim 9 wherein the
base structure 1s made of a sintered ceramic material.

11. The mtegrated circuit package of claim 9 wherein the
power, ground and signal vias are connected to power,
ground and signal conductors, respectively, of the metal
conductors.

12. The mtegrated circuit package of claim 9 wherein the
die 1s mounted to the substrate without an intervening
interposer substrate.
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